Abstract-Performance of routing protocols in mobile ad-hoc networks is greatly affected by the dynamic nature of nodes, route failures, wireless channels with variable bandwidth and scalability issues. A mobility model imitates the real world movement of mobile nodes and is central component to simulation based studies. In this paper we consider mobility nodes which mimic the vehicular motion of nodes like Manhattan mobility model and City Section mobility model. We also propose a new Group Vehicular mobility model that takes the best features of group mobility models like Reference Point Group mobility model and applies it to vehicular models. We analyze the performance of our model known as Group Vehicular mobility model (GVMM) and other vehicular mobility models with various metrics. This analysis provides us with an insight about the impact of mobility models on the performance of routing protocols for ad-hoc networks. The routing protocols are simulated and measured for performance and finally we arrive at the correlation about the impact of mobility models on routing protocols, which are central to the design of mobile adhoc networks.
INTRODUCTION
combination of unique characteristics makes routing in mobile ad-hoc networks challenging. This problem is further compounded when the movements of mobile nodes are restricted to geographic restrictions like pathways and obstacles in mobility models. Mobility models are an integral component of ad-hoc network simulation as they mimic the movement of nodes in real world. Most of the research in the area of mobility characterization has been towards the mobility of individual nodes. As ad-hoc network emphasize a dynamic network among groups, consideration of individual mobility leads to minor significance. Reference Point Group Mobility Model RPGM [1] was one of the successful mobility models which emphasized movements of nodes in groups.
It was a model of soldiers following group leader in military scenario. The most popular mobility model used for simulation based studies was the Random Waypoint Mobility Model [2] . In simulation based experiments conducted in [3] , [4] , it was observed that routing protocols like Ad Hoc On-Demand Distance Vector (AODV), Temporally Ordered Routing Algorithm (TORA) and Dynamic Source Routing (DSR) performed well with mobility models like RPGM. Thus in this paper we extend the RPGM to vehicular motion of nodes restricted by geographic constraints and propose a Group Vehicular Mobility Model (GVMM). We evaluate GVMM with other stochastic mobility models like Manhattan Mobility Model (MHMM) and Freeway Mobility Model (FWMM) with suitable mobility metrics. The impact of proposed mobility model GVMM on routing protocols like AODV, TORA and DSR is also analyzed. The rest of the paper is organized as follows. In Section 2 we discuss of the proposed mobility model GVMM. In Section 3 we analyze the performance of GVMM and other mobility models with suitable metrics. Section 4 simulates the routing protocols A using GVMM, MHMM and FWMM. Section 5 concludes the paper.
GROUP VEHICULAR MOBILITY MODEL (GVMM)
Mobility characterization of a group rather than individual node characterization helps in the design of mobility models. Also most of the routing protocols for ad-hoc networks were developed for group communication and similar applications. Thus we visualize our mobility model to support vehicular movement of nodes as an application supporting a convey of vehicles moving in pathways with various lanes and crossections. deviating from its leader is given by Vm(t)=Vl(t)+random() *SDR*max_speed (1) θm(t)=θl(t) + random() *ADR* max_angle.
Proposed Algorithm for GVMM
(2) where SDR is speed deviation ratio and ADR is angle deviation ratio max_speed{10, 20, 30, 40, 50, 60} and max_angle { 0, 2Π } in our experiment 5. Save the movements of nodes with all the details in a trace file for NS-2 simulator.
ANALYSIS OF GVMM AND OTHER MOBILITY MODELS
For our analysis we have considered Manhattan Mobility Model [5] and Freeway Mobility Model [6] along with GVMM.
Mobility Model Metrics
We have considered the following mobility metrics from [6] for our analysis of mobility models.
 Average Link Duration: -This metric specifies the longest interval of time [t1, t2] for nodes i and j forming the link (i, j). This is then averaged for all node pairs for all existing links specifying the equation 3
where P is no of tuples (i, j, t1) and LD (i, j, t1) ≠ 0  Average Relative Speed:-Relative speed is
given by equation 4
where Vi(t) and Vj(t) is the velocity vector of node i and j at time t. The average value of RST(i, j, t) is given by equation 5.
( 5) where P is no of tuples (i, j, t1) and (i, j, t1) ≠ 0  Average degree of spatial dependence: -It is a measure of the extent of similarity of velocities of given two nodes not so far apart, given by Ds(i, j, t) and averaged over pair of nodes and time instants and formalized by the equation 6.
Where P is no of tuples (i, j, t1) and (i, j, t1) ≠ 0 In Figure 1 we observe that Group Vehicular Mobility Model has a higher value of Average Link Duration as compared to Manhattan or Freeway mobility model. This is because the group of mobile nodes moves at velocities that are deviated from the group leader by small fraction and the existing link between the given two nodes is expected for higher duration.
Analysis of Mobility Models
The average relative speed of the mobility models is as illustrated in Figure 2 . In Figure 2 we observe that average relative speed is the lowest for Group Vehicular mobility model as compared to Manhattan and Freeway mobility model. This is because nodes in Group Vehicular move together in a group fashion with minimal deviation among the group nodes. This value is high for both Manhattan and Freeway mobility model as nodes move in opposite direction for both models as lanes exist in opposite direction in their maps.
The average spatial dependency of GVMM, MHMM and FWMM are illustrated in Figure 3 . In Figure 3 Group Vehicular Mobility model has the highest value for spatial dependency as the group leader controls the movement of mobile nodes even in the presence of opposite lanes whereby nodes in same direction cancel the movement of nodes in the opposite direction. The spatial dependency is very low for both Manhattan and Freeway Mobility model.
Thus we can observe that our proposed mobility model inherits the best performance measures like link duration, relative speed and spatial dependency and helps in complementing the performance of routing protocols as discussed in the next section.
SIMULATION OF ROUTING PROTOCOLS FOR MOBILE AD HOC NETWORKS
Ns-2 simulator ver. 2.29 [7] was used for the analysis of routing protocols like TORA [12] , AODV [8] , [9] and DSR [10] , [11] . The underlying MAC protocol is as defined by IEEE 802.11. Continuous Bit Rate (CBR) traffic sources were used. The mobility models used were Manhattan Mobility Model, Group Vehicular Mobility Model and Freeway Mobility Model. The topology size was 1000 x 1000 m. The traffic generator cbrgen.tcl was applied for the generation of 8 cbr sources at rate of 4.0 kbps. The number of nodes in the simulation was 50. Each mobility model had 6 corresponding scenario file with maximum speed varied from 10 to 60 secs.
Routing Performance Metrics
The metrics used for analysis were derived from [13] for detailed protocol performance analysis. The difference between the number of hops a packet took to reach its destination and the length of shortest path that physically existed through the network when the packet was originated Packet delivery ratio is an important metric in terms of the robustness of the routing protocol. Routing overhead or normalized routing load measures the scalability of the protocol. Path optimality is the ability to use the network resources by selecting an optimal path from the source to the destination.
Simulation Results
The performance of AODV, TORA and DSR on Manhattan Mobility Model is as shown in Figure 4 (a), 4(b) and 4(c). In Figure 4 (a), 4(b) and 4(c) we observe that AODV outscores all other routing protocols in terms of routing overhead, packet delivery ratio and endend delay. We observe in 4(a) that at high speed the routing overhead in DSR is high because of route cache becomes stale quickly. Also in 4(c) the route delay is very high for DSR as DSR uses the length of the route as the main criteria for choosing a route from several routes whereas the delay is least for AODV because it prefers the least congested route. The packet delivery ratio in Figure 4 (b) indicates the poor performance of DSR at high speed the rate of link failures can happen frequently. Also the high relative speed of Manhattan mobility model means lower link duration and lower throughput and high overhead.
The performance of AODV, TORA and DSR on Group Vehicular Mobility Model (GVMM) is illustrated in Figure 5 In Figure 5 (a), 5(b) and 5(c) we observe that the performance of TORA in terms of routing load and end-end delay is poor. This is because TORA consumes more overhead for large number of nodes. Regarding path optimality TORA was not designed for path optimality from the outset. The packet delivery ratio of all the three protocols is appreciably high on Group Vehicular Mobility Model. The packet delivery ratio in Figure 5 (b) is high because of high spatial dependency which in turn leads to high link duration and the corresponding high packet delivery ratio
The performance of AODV, TORA and DSR on Freeway Mobility Model is as illustrated in Figure  6 (a), 6(b) and 6(c). In Figure 6 (a), 6(b) and 6(c) we observe that DSR once again fairs poorly for the metrics. This is mainly because DSR was meant for small diameter topologies and the problem is further compounded by very low link duration and spatial dependency metric for Freeway Mobility Model. AODV once again performs well relatively to TORA and DSR routing protocols. The low degree of spatial dependency and high relative speed in Freeway Mobility Model also affects the performance of TORA and DSR and to some extent AODV as compared to our proposed model GVMM. Thus AODV can be considered for further studies in applications where nodes mimic vehicular movement
CONCLUSION
In this paper we have visualized the application of Mobile Ad-Hoc Routing protocols like TORA, AODV and DSR for nodes which move in a vehicular type of fashion along fixed pathways and lanes. We have considered Manhattan and Freeway mobility models. We have also proposed a Group Mobility model known as Group Vehicular Mobility model. Our performance metrics indicate that Group Vehicular Mobility model outperforms other mobility model by high spatial dependency, high link duration and low relative speed. Thus from this analysis we observe that the routing exhibit higher packet delivery fraction over GVMM. Also the low spatial dependency, link duration and high relative speed affects the performance of routing protocols under Manhattan and Freeway mobility models. Thus characterization of group mobility and realization in terms of vehicular movement with geographic restrictions has aided the robustness of routing protocols in ad hoc networks. In future we would like to experiment with the displacement and direction of mobility nodes with traces of vehicles taken from realistic traffic scenarios.
